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PART I 
INTRODUCTION 
Recent work (1),(2),(3) has shown that the basicity 
and approximate dissociation constants of heteropoly acids 
may be determined by potentiometric titration of their 
aqueous solutions, produced by ion exchange (4). Knowledge 
of the basicity of such an acid yields directly the magni-
tud.e of the charge on the heteropoly anion, from which the 
number of oxygen a toms in that anion may in turn be calcu-
lated because the oxidation states of the other atoms 
therein are known. Further, as explained in the Discussion, 
Section, sueh titrations of heteropoly acids generally 
p.rovid.e an ad.di tional internal check on their own validi'y 
because of the relationship, required by electrical neu-
trality, between the lengths of the neutralization and 
anion degradation plateaus. 
One purpose of this work was to potentiometrically 
titrate ammonium enneamolybd.ophospha.te and ennea.molybd.o-
phosphoric acid., prepared by ion exchange, as there has 
been controversy (5),(6),(7),(8) concerning the formula 
and structure of the anion of this acid. The results 
very clearly support one of the two contending theories. 
A novel feature of most heteropoly acids is that 
they contain a relatively large number of replaceable 
hydrogen ions, all of which, in a given acid, frequently 
have dissociation constants of very nearly the same 
value (1), (2h 
1 
Curves for potentiometric titrations of electrolytes 
having several dissociation constants all of similar 
relatively high magnitude are certainly not common, 
if extant. 
A second purpose of this work was, therefore, to pro-
vide a check on the general torm .ot the potentiometric 
titration curves of heteropoly acids by preparing and ti-
trating an acid or base, which should have dissociation 
constants of number and magnitude comparable to those of 
a heteropoly acid; but in which the higbly charged complex 
. 
ion . is of a wholly different type. 
Tetrakis-(etbylenediamine)-trietbylenetetram1ne-
d1cobalt(III) hydroxid.e, a new compound, was chosen and 
prepared :f'or thi-s purpose. For reasons given in the Dis-
cussion Section, this should have six quite strong re-
placeable hydroxyl ions all of nearly the same strength~ 
The titration curve tor this exceptionally stable and 
novel electrolyte proved to be of a form. which is exactly 
analogous to the curves obtained for heteropoly acids. 
A third section of the work comprised a number of 
attempts to apply the method of potentiometric titra-
tion:-to the elucidation of the formulas, and hence the 
structures, of various heteropoly molybdates of manga-
nese. The results are inconclusive :f'or several reasons, 
such as uncertainty about purity of the compounds and 
2 
the valence state(s) of the manganese. They are presented. 
here because they cast serious d.oubts upon some earlier 
work, although not conclusively refuting it. The results 
may be of aid in a further investigation of these com-
pounds. 
Potentiometric titrations were also performed on 
solutions of analyzed samples of salts of the ennea-
molybdophosphate anion :.and the various manganomolybd.ate~ 
These provide an ad.d1 tional check on the acid .ti trations 
by demonstrat~ that the salts are not acid. salts. 
3 
PART II 
EXPERIMENTAL 
Ammonium Emneamolybdophosphate 
Preparation! This salt has been prepared by Wu(6) and 
by Rosenheim and. T.raube(5) but the structure assigned 
to it by these workers, as we will see in the discussion: 
section, does not .reconcile with our experimental results• 
To prepare pure ammonium enneamolybdophosphate, we 
followed a mod.if'ioation of Wu 1s method. For this purpose, 
100 gms of' N~Moo4.2H2o were dissolved 1n 400 oo of' 1'1B.ter. 
15 co of 85% H3Po4 and 80 co of' concentrated hydrochloric 
acid were added to the solution with constant stirring. 
5 
The .resulting solution, which had a yellow color, was boiled 
:for eight hours under ref'lux oond.ense.r. At times, a :few 
d~ops of' 3% hydrogen pe.roxid.e were ad.ded to restore the 
yellow color of' the solution which was lost because of 
possible reduction of the hete.ropol.y compound present. 
The ammonium enneamolybdophosphate was separated from 
the resulting mixture ~ adding, with constant stirring 
of the solution, a large excess of solid ammonium chloride 
followed, just before precipitation, with a saturated so-
lution of ammonium chloride in order to avoid excessive 
contamination of the product with the precipitating agent 
and possibly (NH4)~Po4. Yellow crp.stals of ammonium 
enneamolybd.ophosphate sepa.rati d. out of solution. The 
large excess of ammonium chlor ide used. is necessary 
because ammonium enneamolybdophosphate is extremely 
I 
soluble in water. Its p.recipi, ation was caused by the 
common ion effect. / 
Purification of Ammonium Enneamolybdophosphate. The 
I 
extreme solubility of this salt in water makes its con-
tamination with the precipitar 1ng agent inevitable. Its 
purification, however, was effected by dissolving a. 
I -
certain amount of it in the minimum amount of water, 
and. adding to the resulting s / lution d&oxane, a solvent 
of very l<>w polarity which isf also miscible with water 
inall proportions. Ammonium nnea.molybdophospha.te sa-
parates out of solution when water-dioxane system 
attains the proper polarity. small amounts of 
ocelud.ed ammonium chloride a (NH4)H2P04 .remain in 
solution since they both are od.e.rately soluble in the 
solvent pair in question. 
The removttl of the above-mentioned impu.ri ties iSE 
necessary, otherwise sign1f1~ant errors would be 1ntro-
d.uced in the titra tiona because of the high molecular 
weight of the hete.ropoly com ound~ 
The equations for the p eparation of ammonium 
enneamolybdophosphate are as follows: 
6 
l8Na2Mo04.2~0 +" 2~Po4 + 36HCl ---------j. 
%f:2~~ol8o6J + 36NaC:l + 23~0 
~ LP2Mol8o62j + 6NH4Cl ( arge excess) ---------~ 
(NH4 ~ 6 ~2Mo18o6J+ 6HCl 
Determination of the Molarity of a Dilute Solution of 
Ammonium Ennea.molybdophosphatJ ~ The molarity of this 
I 
salt v.J~:t,Sbased on the total mo:J;:ybd.enum. content in the , 
1)\~ I d1mer1c molecular form with r J speet to oxidation-re-
duction d.etermination of molyli>d.enum in aliquots of 
solution. 
For this purpose, 10.0 cc aliquots were taken 
for titration, each made 1M ~th respect to sulfUric 
acid, and the resulting solutf ons were passed through 
a Jones reductor coli.mm.. The r ffluent, now containing 
trivalent molybdenum, was rec~ived, in the absence of 
air, in a solution-. containing an excess of ferric ion 
the color of the ferric ion. .e resulting mixture was 
quickly titrated with O.ll02 .r KMn04 to the faintest 
pink color. In this process J~e ferric ion oxidizes 
the trivalent molybdenum to , he pentavalent state, and 
the resulting ferrous and pe tavalent molybdenum ions 
7 
are oxidized by the per.manganate to the trivalent and 
hexavalent states, respectively(9h 
All solutions in this and all subsequent experi-
ments were ma9.e with boiled. d.istilled water. The con-
centration of the solution of the heteropoly compound 
was chosen as it was in order to give convtnient volume 
8 
o:f' .NaOH per mole of salt ~n ' the_. pot:entiom~:t.!'1:": 't!itra tiona • 
. ,. 
Tabulation o:f' Data 
Aliquot in ml Volume in ml Calculated Average 
of salt o:f' 0.1102 N Molarity Molarity 
KMn04 
1) 10.00 19.97 0.004087 
-
2) 10.00 20.16 0.004121 0.004104 
Potentiometric Titration of Ammonium Enneamolybd.ophosphate 
w1 th Standard Sodium Hydroxide~ Determina. tion· of' the 
charge of the Heteropoly Anion. The course of the decom-
position o:f' the enneamolybdophosphate anion \~S followed. 
by titrating a 50.00 ml sample of 0.004104 M (NH4~ 6 \:2Mo1ao6~ 
with co2-f.ree 0.1292 N Na.OH. A Leeds & Northrup Mod.el No. 
7762 pH Meter was used in this a.nd all subsequent poten-
tiometric tit.rations. 
The solution was under constant stirring with an 
electrically driven motor during the whole course of the 
titration. The pH read.ings were checked, till the same 
reading wa.s observed after a four-minute lapse. -.... .. ~ . 
:.-= .. ··:· :·.::::.·  .. =: -:--.. ,: ~. -~: ;; ;, ~~ -~: ~ .. :-· _:.-. .. A t1t.rat1on of this type re-
quired. a period of about seven hours. 
Tabulation of Data 
Cumulative Volume in 
m1 of ' base added 
pH of Solution 
o.oo 
1.00 
2.00 
3.00 
4.00 
7.00 
12.00 
22.00 
32.00 
40.00 
45.00 
50.00 
52.00 
53.00 
54.00 
55.00 
st·.oo 
60.00 
63.00 
2.80 
3.56 
4.39 
4.69 
4.81 
5.01 
5.15 
5.34 
5.53 
5.63 
5.73 
6.10 
7.04 
7-77 
8.27 
8.55 
8.95 
9.50 
10.30 
9 
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Calculation of ml of 0.1292 N NaOH per equivalent of 50.0 
ml of 0.004104 M Ammonium Enneamolybdophosphate. This 
calculation is carried out as follows: 
1000 x 0.004104 x 0.050 = 1.59 ml of base 
0.1292 
The titration curve on page 10 shows a single point 
of inflection, at 53.5 ml of base ad.ded, which corresponds 
to 34 equivalents of base, or, 
53.5 ml of base 8 
1.59 ml of base/equiv• ~ 33• equivalents 
This is in complete agreement with the theoretical 
value calculated assuming a minus six charge for the ennea-
molybdophosphate anion as shown in the equation below: 
11 
The fact that there is only a single break in the curve, 
corresponding to the complete decomposition of the anion, indica~ a: 
that the ammonium enneamolybd.ophosphate is a normal salt, 
rather than an acid salt. The significance of this is con-
sidered in the 4iscussion section. 
Analysis fo.r Nitrogen in Ammonium Enneamolybdophosphate. 
The nitrogen content in this salt was d.etermined by the 
Kjeldahl method. Aliquots were treated with sodium hydro-
xid.e and the resulting ammonia gas evolved absorbed in 
standard. acid which was then titrated with standard base. 
The following results were obtained. for the number of 
nitrogen atoms per d.imeric molecule of salt. 
Nitrogen atoms per 
molecule of salt 
Found 
5.85 
6.09 
Calculated 
6 
6 
The nitrogen analysis corroborates the evidence from 
the potentiometric titration that the enneamolybdophosphate 
anion has a charge of minus six. 
12 
13 
Enneamolybdophosphoric Acid 
Preparation• Owing to the extreme solubility o~ this acid in 
water, it has been very di~ficult up to now to prepare a pure 
solution of it. Earlier methods involved extraction o~ this 
compound. with ether from an acid,ified solution of its ammoni-
um salt(6). Unfortunately, the hydrochloric acid used for this 
purpose is slightly soluble in ether, a fact which made the 
presence of small amounts of HCl in the heteropoly acid inavik-
,.able. Because o~ the high molecular weight and polybasic na-
ture o~ the latter compound a large error could. be introduced 
in the determination of its basicity Qy titration. 
Pure enneamolybdophosphoric acid was prepared in this 
work by passing a solution o~ its ammonium salt through Amber-
lite IR-120 high capacity sulfonic type cation exchange resin. 
To insure complete exchange, the influent was allowed to 
pass through the ion exchange column (60 em in length and. 
5 em in diameter) at a. very small rate~ No effluent was colleG-
. tted q,;t:ter.'Y po~itive test for ammonium ion was obtained with 
Nessler's reagent. The bright yellow-colored solution o~ 
enneamolybdophospharic acid thus obtained had a pH of 1.94. 
Equation: 
R-SO H + (ion exc~nge 
resin) 
(NH4~6 f:2M018°6~ ___ ;_ ________ 7 
R-so3H + lft5 [P2Mo18o62] 
14 
The resin used in this preparation had been previously 
cond.itioned by successive alternate treatments with 2 N HO~ 
and NaCl solutions. It was thoroughly washed with distilled 
water after each such treatment. Finally, it was put into 
the column, washed. free of NaCl and subsequently treated 
with a copious amount of 2 N HCl. Washing of the resin was 
continued until the washes gave no test for chloride ion 
when tested with silver nitrate. 
Determination of the P/Mo Ratio in Enneamolybdophosphoric 
Acid .• · Analysis for PhosphorUs and. Molybdenum. The ratio of 
phosphorus to molybdenum atoms 1n this acid was determined 
by analyzing aliquots of the same solution of the acid for 
both phosphorus and. molybdenum. 
10.00 ml aliquots of the above-mentioned acid were 
analyzed for mol;,bd.enum by making the solution 1 M with 
respect to H2so4 , passing the resulting solution through 
a Jones Reductor column, receiving the effluent in excess 
of ferric ion solution in vacuum and back titrating with 
0.1104 N KMn04• 
The phosphorus, already present as a 9-heteropoly 
anion, was converted from the ennea to the dod.ecamolybd.o-
phosphate by d.ecomposing the former with dilute. NH40H 
and add.ing excess of Moo3 reagent(lO). The resulting in-
soluble (NH4 ) 3 ~Mo,~40J .~0 thus formed. was filtered off 
after standing for two hours to insure complete precip~ta­
tion, washed with dilute acid ammonium sulfate solut~on, 
15 
then dissolved and .. d.ecomposed. with concentrated. NH40H. The 
resulting solution was acidified and then made l M with re-
spect to ~so4 and analyzed for molybd.enum by the same method 
stated. previously. This is an indirect analysis for phospho-
rus. The P/Mo ratio was found to be 1 to 9.03. 
Tabulation of Data 
Element Aliquot Volume in Moles of P/Mo ratio P/Mo ratio 
analyzed of acid ml of KMn04 element calculated found in ml ' 0.1~04 m· . per liter 
p 10.oo 26.80 0.0823 l l 
Mo 10.00 20.18 0.774 9 9.03 
Determination of the Molarity of EnneamolYbdophosphoric Acid. 
The above-mentioned molybdenum analysis se..rved also for the 
calculation of the concemtration of the same solution of t~s 
acid. It was thus found to be 0.004126 ~ 
Tabulation of Data 
Aliquot in ml Volume in ml of Calculated 
of acid 0.1104 N KMn04 Molarity 
l) 10.00 20.18 0.004126 
. 
2) 10.00 20.18 0.004126 
Average 
Molarity 
0.004126 
16 
Determination of the Basicity of Enneamolybdophosphoric Acidr 
An Analysis for · Hydrogen~· A 75 ml sample of 0.004126 M ennea-
molybd.ophosphoric acid was potentiometrically titrated with 
co2-free 0.1292 N NaOH §Olution. The same rules for this type 
of titration were followed as in the previously mentioned ti-
tration. 
The number of milliliters of 0.1292 M NaOH which contain 
the same number of moles ;: ·of solute as there are moles of acid 
in 75.00 ml of 0.004126 M acid are given by the following cal-
culation: 
1000 x 0.004126 x 0.0750 = 2•38 ml of base 0.1292 
Potentiometric Titration of 75.00 ml of 0.004126 M Enneamoly-
bdophosphpr1cpAc1d(; 
Tabulation of Data 
Cumulative Volume in ml 
of 0.1292 M NaOH 
o.oo 
1.00 
2.00 
4.00 
7.00 
10.00 
13.00 
16.00 
17.00 
18.00 
19.00 
pH of Solution 
1.94 
2.00 
2.02 
2.10 
2.30 
2.49 
2.90 
4.50 
4.73 
4.80 
4.86 
(Continued from previous page) 
Volume of Base 
22.00 
27.00 
35.00 
42.00 
50.00 
60.00 
70.50 
ao.oo 
85.10 
90~00 
93.10 
.94.00 
95.00 . 
96.00 
97.00 
98.00 
100.00 
pH of Solution 
5.00 
5.13 
5.29 
5.37 
5.43 
5.50 
5.6G 
5.73 
5.82 
6.10 
7.08 
7·.51 
9.10 
10.04 
10.411 
10.62 
10.80 
These data are plotted on the graph on page 18. ~ 
spection of this curve reveals two points of 1nflect1on~ 
17 
The first point of inflection occurs at 14.5 m1 of base and 
corresponds to the complete neutralization of the six repla-
ceable hydrogen ions of the acid. The second point of 1nfle~-
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tion occurs at 95.0 ml of base and. correspond.s to 40 moles 
of base per mole of acid., the first six moles being utilized. 
for the neutralization process and. the remaining 34 for the 
anionic decomposi tiob:• The long plateau in the curve ind.ica-
tes that the anion is decomposing. The color of the solution 
loses its intensity d.u.ring the anionic decomposi t!hon. \fuen 
the decomposition is complete the solution attains a light 
blue color. 
At first point of inflection of curve: 
14. ~ ml of NaOH -. 6.10 equivalents of base 
2. 3 ml of NaOH/equiv. -
At second. point of inflection of curve: 
95•0 ml of NaOH ::::.40.0 equivalents 
2.38 ml of NaOH/equiv. 
These results are in complete agreement with the postu-
lation that H6 P2Mo18o62 is the correet formula for the acid.. 
our results do not support the d.od.ecabasicity of enneamolybd.o-
phosphoric acid. proposed. by Rosenheim and Traube(5) and Wu(6). 
Calculation of the Dissociation Constants of ,..H6 [P2Mo18o62J. 
The shape of the potentiometric titration curve for this ' 
acid. shows that the values of the individual d.issociation con-
stante lie close together. The pH was 2 when 0.5 mole of NaOH 
per mole of acid. had. been ad.ded .• The pH was 3 when 5.5 moles 
of NaOH per mole of acid. had been ad.d.ed .• Therefore, as explained 
20 
in the Discussion Section below (p. 54-55), the six disso-
ciation constants for the acid all have values which lie 
-2 -3 between 10 and 10 • 
Tetrakis- (Et1Jylened.1.a.mine )-Triethylenetet.ramined.icobal t (III) 
Rvdroxide 
P.reparati0n1 This strong base was prepared from the corres-
ponding iod.ide salt ·using ion-exchange methods. For the pre-
paration of tetra.kis-(ethylenediamine)-triethylenetetramine-
dicobalt(III) iod.ide we followed the proced.ure d.escribed by 
Basolo(l2). This stepwise preparation from simple starting 
materials is .represented by the following equations: 
l) Preparation of trans-d.ichloro-bis- (ethylenediamine)-
cobalt(III~ chloride: 
110° c .. 
4CoCl2 ~ 8C2H4 (NE2)2 ~ 4HCl + 02 
_______________ , 
4~o(en)2cl2J Cl + 2~0 
where en is ethylened.iamine. 
2) Preparation of tet.rakis-(ethylenediamine)-triethylene-
tetramined.icobal t (III) chloride: 
2[co(en~2c~ Ol + (o~o~~3 CNH~2 (NRa~2 abs. ethanol -------------1 heat 
~o2 (en)4trien]cl6 
where t.rien is triethylenetetramine. 
3) Preparation of tetrakis- (ethylened.iamine)-t.riethylene-
tetraminedicobalt(III) iodide: 
~o2 (en)4tr1en]cl6 +6Nai -----------> 
[ co 2 (en~ 4 trie~ I 6 -t-6NaCl 
The iod,id.e being only slightly soluble in water was 
filtered off and . .recrystallized from water. It forms well-
defined orange crystals. 
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4) Preparation of tetrakis-(etbylened1amine)-triet~lene­
tetram1ned:icoba.lt(III) hydroxide: 
22 
To accomplish this preparation, a dilute solution in. 
water of the above-mentioned iod1d.e ::·wa.s made by d,issolving 
8.0 grams of this salt in: lOOO cc of water and passing the 
resulting solution through an ion exchange column (60 em 
in length and, 5 em in diameter) containing high capacity 
type anion exchange resin (Amberlite IRA-400) at a slow rate. 
Samples of the hydroxide were collected only after the ef-
I 
fluent showed a yellow color and not after treatment with 
a silver nitrate solution gave a positive test for iodid.e. 
The resin used in this experiment had been previously 
conditioned. by successive alternate treatments with NaOH 
and NaCl solutions·, each treatment having been followed by 
a thorough washing. It was then put into the column, washed 
free of NaCl, and subsequently treated with a cop~ous a.moubL 
of a 2 N NaOH solution. Washing of' the. resin with boiled 
distilled water continued until the washes showed no flame 
test f'or sod.ium. 
The equation f'or the above-mentioned preparation is: 
(?o2 (e~.J4trie~ 16 6ROH ------------7 (anion-exchange 
resin) C J 
Loo2 (en4 trielj (OH~6 + 6RI 
This product has a red color in solution and it is 
extremely soluble in water. Its meso form may be d.escribed 
structurally as follows: 
, ,....N~~ c~, 
/ 
C\.4-1-
l 
~ '\..tl ---f-----4 
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\ 
c. \41-
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Cobalt Analysis and the Determination of MolaritY of Tetrakis-
(etbylenediamine)-triethylenetetraminedieobalt(III) Hydroxide, 
-
A water solution of this strong base is so stable toward 
alkali that no decomposition was noticed when 25 eo of this 
base were kept boiling for at least thirty minutes in the 
presence of several grams of sodium hydroxide pellets, 
To effect the d.eeomposition of this complex base before 
analyzing for cobalt, the following steps were taken. 100 oc 
of the solution:·_of this compound. were slowly evaporated to 
dryness and the remaining solid was subjected to sodium pe-
roxid.e fusion in a nickel crucible, The resulting melt was 
leached. with water, all material transferred. to a beaker, 
and acidified carefully with concentrated hydrochloric acid. 
The black precipitate of cobaltie hydroxide went into solu-
tion upon slight heating, 
The chlorid.e present in this solution was completely· 
removed by ad.ding concentrated. ~so4 and evaporating to white 
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fumes of so3• It had to be eliminated because it might have 
interferred in the subsequent steps of the analysis for co-
balt. Careful dilution of this solution with water, followed 
by add.ition of excess 3% H2o2 and. then careful neutralizati-
on with 5 N NaOH .resulted. in the precipitation~' of the highly 
insoluble black Co(OH)3, which was filtered off and. washed 
several times with cold. wate». 
The cobalt content in the above-mentioned cobaltic hy-
droxide was d.etermined by the Sarver Method (13), the only 
mod.ification being that 3% ~02 wa.s substituted for sodium 
perbora te as the oxid.izing agent. 
The cobaltic hydroxid.e in question was transferred to 
a 500 cc Erlenmeyer flask fitted with a ground glass neck 
which could be hermetically fitted with a small separotory 
funnel. Silicone high vacuum grease was used. Water was 
added followed by the ad.d.i tion of 5 ml of 3% ~02 and then 
10 ml of 5 N NaOH. The resulting mixture was boiled for 
fifteen minutes to destroy all H2o2 and expel all air present 
in the flask. lihen the boiling was discontinued., the stopcock 
in the separatory funnel was immediately shut, thus leaving 
a vacuum inside the flask upon cooling. 
35.03 ml of 0.0252 M Feso4 solution, which had been 
standardized a few hours earlier against 0.1102 N KMn04, 
was admitted. into the flask through the separatory funnel. 
Care was exercised not· to admit any air, which could have 
25 
oxidized some of the Fe(OH)2 in the ~lask. Finally, 30 ml 
of 5 N H2S04 were introduced into the flask followed. by 
H3P04. The insoluble Fe(OH)2 and. Co(OH)3 diss?lved. upon 
- -
this acidification resulting in a solution with typical co-
lor of the cobaltous ion~ The excess of standard ferrous 
sulfate was then quickly titrated with 0.1102 N KMno4 to 
the faintest pink color of pe.rmanganate. 
Tabulation of Data 
m1 of 0.0252 N ml of 0.1102 N 
FeSO 4 add.ed KMnO 4 in back titration 
35.03 0,86 
Moles of total MOlarity of 
Co per liter so.lution of 
of solution complex 
0.00780 0.00390 
Determination of Number of Replaceable Hydroxyl Groups in 
Tetrakis- (Ethylened.iamine)-Tr1ethylenetetram1ned1cobalt(III) 
Hydroxid.e. Potentiometric Titration,of this Base, A.'.- 100. co 
sam,le of 0.00390 M solution of this complex base was poten-
tiometrically titrated with 0.1199 M HCl, The initial pH of 
the base was 11.89. 
Tabulation of Data 
Cumulative Volume of 
0.1199 M HCl in ml 
o.oo 
1.00 
pH of Solution 
11.89 
11.73 
(Continued from previuos page) 
Volume of HC1 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.oo 
9.05 
10.00 
11.00 
12.00 
13.00 
14.05 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
pH of Solution 
11.72 
11.69 
11.61 
11.57 
11.50 
11.44 
11.35 
11.31 
11.22 
11.06 
10.94 
10.70 
10.32 
9.70 
9.11 
8.43 
7.03 
6.28 
4.30 
3.11 
2.78 
2.70 
2.58 
(Continued from previous page) 
Volume of HCl 
25.00 
26.00 
28.00 
32.00 
36.00 
38.00 
40.00 
44.00 
48.00 
50.00 
pH of Solution 
. ~· 
2.49 
2.47 
2.33 
2.25 
2.08 
2.02 
2.01 
1.98 . 
1.88 
1.85 
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These data are plotted on page 28. The ourve shows only 
one point of infleotion3at 19.5 ml of base added. By assuming 
that the base has six replaoeable hydroxyl groups and calcu-
lating the volume of 0.1199 M HCl which contains the same num-
ber of moles of acid as the number of gram-ions of hydroxyl 
ions in 100 co of 0.00390 M solution of base, we find this to 
be equal to 6 x 3.255, or 19.53 ml of o·.ll99 M HCl, which 
corresponds to the volume obtained from the curve. Since these 
two volumes are the same, the base in question has six repla-
ceable hydroxyl ions, as expected. 
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Calculation of the Dissociation Constants of· TetrakisA 
(Ethylenediamine)-Trietgylenetetraminedicobalt(III) Hyd~oxide. 
The form of the neutralization curve indicates tbat the 
dissociation constants of this base all have values which lie 
close together. The pH was 11.7 when 0.5 mole of HCl per 
mole of base had. been added. The pH was 7.7 when 5.5 moles 
of HCl per mole of base had. been added.. Therefore, as ex-
plained. in the Discussion Section {p.54-55, 57), the six 
dissociation constants for the base lie betwee~ 5 X 10-3 
and 5 x 10-7. The shape of the curve strongly suggests that 
the first four constants have values which are all near tea 
range 1 x 10-3 to 5 x lo-3. The last two dissociation con-
stante may be somewhat smaller. 
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Ammonium Enneamolybd.omansanate 
PreParationt This salt was prepared ~ the method of Friedheim 
and Samuelson(l5). 13.75 gms of MnC~.~O were dissolved in 
~ 
10 ce of water and mixed with 180 ee of a solution containing 
45 gms : of (NH4 )6Mo-ro24.4~0. The resulting solution, was treated 
with 80 ee of 2i% H2o2 while stirring the mixture till a strang 
yellow color dev~loped owing to the formatio~nof permolybdates. 
It was then heated for one hour, the insoluble manganates were 
filtered off, and the bright red crystals of the salt which 
separated. out after cooling the mother liquor were recrystal-
lized twice from water. 
This preparation may be represented by the follow~g 
equation: 
9(NH4)6Mo7o24~o + 7Mn.Cl2.4H20 + 4~02 ----------7 
7(NH4 ~ 6 [MnMo9o32J-r 6NH4Cl + 8HC1 +' 64~0 
Molybd.enum Analys1$ t 10 cc aliquots of a solution of ammo-
nium enneamolybd.ophosphate were taken .for analysis. ~his 
solution was prepared by dissolving 7.5 gms of the crystalli¥\~ 
... , salt in 500 ec of hot water, cooling the solution, and 
filterinS~~he und~ssolved crystals. 
The aliquots were treated with an ammonium bydroxide-
l;lYdrogen pe.roxid.e mixture, the solutions were boiled to pre-
cipitate completely all manganese as Mn02 .xB20 and destroy 
the excess of hydrogen peroxid.e present. After filtering 
off the 1nso 1 uble manganese d.ioxide, the filtrates were 
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acid.ified and made l M with respect to ~SO 4• They were then 
analyzed volumetrically fo . r molybd.enum as described earlier. 
ml of aliquot 
of salt 
10.00 
10~00 
Tabulation of Data 
ml of 0.1102 N 
KMn04 used 
21.43 
21:~48 
Moles of Mo per 
liter of soln ~ 
0.0788 
0.0788 
Manganese Analysis:- Two 25.0 cc aliquot samples of the same 
solution of the ammonium heteropoly compound were treated 
with NH40H - ~02 and boiled till no more manganese d.1oxide 
precipitated. out. The insoluble Mn02 .xB2o was filtered ~ off, 
washed with a very dilute ammonium hydroxide solution, die-
solved in concentrated hydrochloric acid containing a few 
drops of ammonium bisulfite to effect the reduction to di-
u~-.? 
valent manganese;and finally the manganous ionAprec1pitated 
as the insoluble MnNH4Po4 after digestion in a slightly 
ammoniacal solution conj5ain1ng (NH4 )2HPo4• The 1nsolu.ble 
MnNH4Po4 was filtered~ignited to ~P2o7 and weighed as 
such(lO). 
The tabulation of these results appears on the fol-
lowing page. 
Tabulation of Data 
ml of aliquot 
of salt 
25.00 
25.00 
0.0453 
0.0445 
Moles of Mn per 
liter of soln , 
o:~o127 
0.0125 
The Mo/Mn ·raticfr This ratio is calculated from the number 
of moles of each element present per liter of the same so-
lution .-:as the analysis data indicate. It is found to be 
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6. 2/l, quite different from that of Friedheim(l5), who : -~ound 
it to be 9/l for the same compound by performing his analy-
sis on the solid rather than on~: its water solution. 
The molarity of the solution of this salt, based on 
our molybdenum content, is 0.01314, calculated from the 
molybdenum data for the 6/l ratio of Mo to Mn. 
Charge of the Anion and Potentiometric Titration·c: A 50.00 
cc sample of 0.01314 M ammonium enneamolybdomanganate was 
potentiometrically titrated with 0.1287 M oo2-free Na.OH. 
The precautions used were the same as for the previously 
described titra.tions. 
Tabulation of Data 
Cumulative Volume in ml 
of base added 
o.oo 
1.00 
2.00 
pH of Solution·' 
4~41 
4.88' 
4.94 
(Continued from previuas page) 
Volume of Base 
3.00 
4.00 
7.00 
10.00 
15.00 
20.00 
25~00 
30.00 
33.00 
37.00 
40.00 
42.00 
43.00 
44.00 
45.05 
pH of Solution 
4.98 
5.01 
5.46 
5.50 
5.51 
5.58 
5.68 
5.80 
9~83 
5.90 
6.40 
7.40 
7.68 
7.92 
8.23 
These data appear on plot on page 34. 
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1he sniall bump 1n the curve occured at the appearance of. 
Mn02 during the anionic d.ecomposi tion. The single break of the 
curve occurs at the addition of 41.0 ml of base. The number of 
"' ml of O.l28'7 ··M NaOH corresponding to one equivalent are 5.12. 
Therefore, the break occurs at the addition of 8 equivalents 
of base, which correspond to the complete d.ecomposition of 
the anion. The equation is: 
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These ~esults, howeve~, a~ not consistent with the 
nit~ogen analysis, which indicates the presence of 0.613 mg 
of nitrogen per co of the same solution of salt. The manga-
nese to nitrogen ratio is 1.2 to l. This cannot possibly be 
accounted for by any of the othe~ results. The expected 
numbe~ of nitrogen atoms for the Mo/Mn 6/l ratio are 4, 
and fo~ the Mo/Mn 9/l are six. 
A possible partial expanation for this might be that 
we are not sure that the valence number of Mn is plus 4~ 
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Enneamolybdomanganic Acid 
Preparation-: The preparation of this acid for the first time 
\ias attempted. Solutions of the correspond~ng ammonium salt, 
prepared as already described, were passed through an ion. ex-
change column containing Amberlite IR-120 resin which had been 
previously conditioned as in the case of enneamolybdophosphoric 
acid. The effluent acid solution, whose color was red, had a 
pH of 1.86. 
Molybd.enum Analysis: 10 ce aliquot samples of the acid solu-
tion were analyzed for molybdenum by the same method used for 
the previously mentioned compounds. The molarity of this solu-
tion was calculated from the data. 
ml of aliquot 
of acid 
10.00 
10.00 
Tabulation of Data 
ml of 0.1102 N 
KMK€>4 used 
16.31 
16.38 
Moles of Mo per 
liter of soln. 
0.0602 
0.0602 
Ma.nganese Analysis: 25.0 cc aliquots of the same solution were 
used. The manganese, separated. as Mno2.x~O as described in the 
previous section, was ignited to Mn3o4 and weighed as such. 
Tabulation of Dava 
ml of aliquot Wt in gms of Moles of Mn per 
of acid. ~04 liter of soln. 
~5.0 0.0200 0.01054 
25.0 0.0199 0.01054. 
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The analysis data show that the Mo/Mn ratio is 6/l. The 
calculated molarity of the acid based on this ratio is 
0.006684. 
Determination of the Basicity. Potentiometric Titration; 
A 50.0 cc sam~le of this acid was potentiometrically ti-
trated. with 0.1291 M co2-free Na.OH. 
Tabulation of Data 
Cumulative Volume in ml 
of base 
o.oo 
1.00 
2.00 
4.00 
6.00 
8.oo 
9.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
19.00 
21.00 
24.00 
28.00 
pH of Solution 
1.86 
1.95 
1.98 
1.97 
2.24 
2.43 
2.50 
2.98 
3.27 
3.70 
4.14 
4.47 
4.64 
4.78 
4.95 
5.05 
5.20 
5.40 
(Continued. from first page) 
Volume of Base 
32.00 
36.00 
41.00 
43.03 
44.00 
45.00 
46.00 
47.00 
48.00 
50.00 
pH of Solution 
5.57 
5.78 
6.00 
6.18 
6.30 
6.50 
7.20 
7.82 
8.55 
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These data are plotted on page '~· The volume of 0.1291 M 
NaOH corresponding to l equivalent of the acid is 2.58 ml. 
The first point of inflection is at 15.2 ml of base which 
correspond.s to 5.9 equivalents. The second. point of inflection 
is at 47.2 ml of base, or at 18.2 equivalents. This indicates 
that this acid should have six replaceable hydrogen ions and 
therefore the charge of the heteropoly anion should be minus 
six. However this is not consi.stent w1 th the molybdenum and 
manganese analysdls which give a minus four charge to the anion, 
the oxidation state of the manganese therein assumed to be 
plus four~ 
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Ammonium Hexamolybdomanganate(II) 
Preparation: Attempts were made to prepare this compound to 
which Rosenheim(l6) assigned the formula (NH4~3~[Mn(Moo4 ~6J .3~0. 
19.6 gms of MnC12~4E20 and 12~4 gms ::of (NH4 )6Mo7o24.4H20 were 
' . ' 
dissolved in water giving a yellow solution. Upon cooling 
0 
to 0 0, red.dish crystals appeared .• They were recrystallized 
twice from water. 
Analysis for molybd.enum, manganese and nitrogen failed 
to reveal the above-mentioned ratios. This salt gave crystals · 
which were lighter in color from the previous ~ones upon each 
recrystallization. Quite possibly, this may be a mixture of 
two or more heteropoly compound.s. We did not proceed with 
any further investigation. 
PART III 
.' 
DISCUSSION 
A. Historical: Evaluation of Results and Interp.retation.s 
Reported by Previous Workers';; 
The Enneamolybdophosphate ~Ofil 
Discovery ;; The preparation of the enneamolybdophosphates 
dates back to 1878 when Finkene.r(l7) prepared a substance 
-
of composition P2o5.18Moo3, by suspending barium molybdate 
in a. solution of phosphate containing 1 mole of phosphorus 
to 9 moles of Moo3 and decomposing the .resulting mixture 
with concentrated sulfuric acid. 
Kerhmann(l8), (19), using a. d.ifferent preparati.on,repo.rted 
- -
salts having the composition 3fl20.P2o5 .18M003
.xB2o, where R 
stands for an alkali metal. 
The enneamolybd.ophosphoric acid. was prepared. by Rosen-
helm and Tra.ube(5) by dissolving 1 mole of' ammonium acid 
~hosphate, (NH4 )2HPo4.12~0, and'\ ;·9,t¥ .i.~moles of ammonium pa-
ra.molybdate, (NH4 )6Mo7o24.4E2o• in· water and boiling the 
resulting solutionnwith aqua regia. until all the ammonia 
was oxidized. The insoluble molybdic trioxide was filtered 
off and the mother liquor was concentrated in vacuum at 
0 40 C over concentrated sulfuric acid. The concentrate, upon 
treatment with potassium chloride-ammonium chloride solution, 
p!'ecipitated out the insoluble ammonium dod.eca.molybd.ophosphate 
which was removed f!'om the solution by · centrifuging. The 
ennea.molybdophosphoric acid crystallized from the super-
natant syrupy liquor. 
The Rosenheim Structure Determined By Analysis. Analysis of 
this acid qy Rosenheim revealed the fu~lecuiar formula(20): 
~2[P202 (Mo2o7 ~9 ]·30~0 . ·• 
Calculated.: P2o5 4.20% Moo3 76.61% H2o 19.19% 
Found 4.25% 76.59% 19.31% 
4~24% 76.61% 
43 
The empirical formulas were calculated from the chemical 
analyses, and the compounds were reported by the co~responding 
oxide "dualistic" formulas. 
The Acid Salts of Enneamo1ybdophosphoric Acid~ The crystalline 
sod.ium salt of this acid was prepared by Rosenheim(5) by in-
troducing six moles of sod.ium hyd.roxid,e per mole of the acid 
in solution. It was formulated according to the Miolati-Rosen-
heim Structural Theory: 
Its analysis checked. this composition. 
The Rosenheim Interpretation of the High Basicity. To justify 
the high basicity indica ted qy his formulation of the acid., 
Rosenheim und.ertook several condu.ctivity measurements(20)': He 
thought that the d.odecamolybdophosphoric acid was heptabasio 
because his earlier work indicated that the permitted basicity 
by the Miolati-Rosenheim Theory was exhibited in the guani-
44 
dinium salt, (CN3H6>7 (: CMo2o7 >6j .8H20; in the mercuric dode-
catungstoborate, ~~(w2o7 ~6]•24~0; and in others(20~' ~ 
To show that enneamolybdophosphoric acid. and. enneamoly-
bdoarsenic acid are 12-basio, he compared the equivalent 
conductances, at various dilutions, of:(a) a solution con-
' 
taining 1/7 mole of d.odecamolybdophosphori.c acid, (b) a so-
lution containing 1/12 mole of enneamolybd.ophosphoric acid, 
and (c) a solution containing enneamolybdoarsenic acid. Acco.r-
d.ing to his structural formulas such solutions would contain 
the same concentration of hydrogen ion and hence their equi-
valent conductances ought to be very similar. 
0 Equivalent Conductances, L, in Reciprocal Ohms at 25 C. 
1/12 mole of 1/12 mole of 1/7 mole of Volume 
t\, 2- ~2.~ tl\ot~)~ . . \tn. [_A-s'\. o, I'V\o-c. Dr ~ ~7Li> MOz.O, (, 
(liters) 
L 197.9 190.8 190.6 32 
210.0 205.0 215.3 64 
218.0 216.8 229.1 128 
226.6 _- 229.0 241.3 256 
239.9 240.5 248.5 512 
249.8 253.1 258.1 1024 
A Reinterpretation of the Rosenheim Basicities. MOre recent 
investigation(21), (22), (23) of the dodecamolybdo and d.odeca-
tungsto phospaates, ~P(Mo or W) 12o40.x~O, by means of X-ray 
crystallographic studies, has shown them to be tribasic. There-
fore, we may reinterpret Rosenheim 1s basicities for the 
9-acids in terms of thi. tribasicity of the d.odecamolybdo-
phosphates. If the solutions Rosemheim measured, did con-
tain approximately equal amounts of hydrogen ion, the ba-
sicity for the enneamolybdo acids is 3/7 x 12:::5.14. This 
number is within reasonable experimental error of the va-
lue 6 for the basicity, as foun4 in the work reported in. 
this paper. 
The Wu Preparation and Interpretation of Enneamolybdo• 
:ghosphates! In 1920, Wu attempted a new method of prepa-
ration of the ammonium enneamolybd.ophosphate·...:and its free 
acid(6)'. Analysis showed the ammonium salt to have the 
following composition: 
3(NH4~2o.P2o5 .l8Moo3.llH20 • 
Throughout his work Wu adopted the formulations given by 
Rosenheim. 
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Wu foun4 that enneamolpbd.ophosphoric acid, gives a blue 
color with uric acid and. other reducing agents, a fact which 
may be utilized in the colorimetric d.etermination of these 
substances. He also found that the same acid precipitates 
proteins. The analytical importance of this ac1d~-1s, there-
fore, worthy of attention. 
The Pauling Structure of Heteropoly Anions~ An important 
step in elucidating the structure of heteropoly compounds 
was made by Pauling in 1929(24). In the case of the 12- he-
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~6 +6 
teropoly acids, he assumed. that the Mo or W ions present 
in the 12-heteropoly anions are at the centers of Moo6 or 
W06 octahedra which are li~~ed together by each sharing three 
corners with the neighboring octahedra. Thirty-six unshared 
corners are thus left, which 1Pauling saturates qy converting 
enough water of crystallization into water of constitution 
to provide the necessary hydrogen atoms, thirty-six in num-
ber, to cover the thirty-six unshared oxygene. 
As a consequence, a~,fl18 (oHJ36J~:age-li.ke unit results 
in the center of which a xo4 ~etrahedron can be accomodated. 
That part of Pauling's theory which held. that hydrogen 
atoms were attached to the heteropo~y anion was ~oun4 to be 
unsound when dehydration ·~experiments on the dodecatungsto-
silicic acid(25) and. others(26) revealed that stable hydra-
tes exist which contain less water than that required for 
the Pauling formulas. 
The Keggin Structure of 12-Heteropoly Anioms~ Pauling's 
work was followed shortly by Keggin and his collaborators 
in England(21),(22) who were able to show by means of X-ray 
diffraction studies that many 12-heteropoly anions consist 
0~ a xo4 tetrahedron at the center su.rround.ed cy twelve 
Moo6 or wo6 octahedra which are at the same d.istance from 
the central phosphorus atom. These octahedra share corners 
with the xo4 tetrahedron and corners and edges with each 
other. The resulting aggregate unit has the composition of 
[Pwl2o4o]-3 • 
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The Anderson-Evans Structure o~ 6-Reteropoly Anions. The 
structure o~ the 12-heteropoly anions having been thus clar-
tified, Evans(27) was able to confirm experimentally a possi-
. 
ble structure of a 6-heteropoly anion proposed earlier by 
And.erson(28). The X-ray crystallographic data obtained by 
Evans on the (:eMo602~-6 anion in (l!IH4)6 [::'eMo6o2~ ~0 and 
K6 t_:eMo6o24] showed. that this anion eonsists of a planar ring 
of six Moo6 octahedra each sharing two edges. · The central 
Teo6 octahedron then occupies the octahedral hole at the 
center of the ring. 
This example is cited. here because it shows that the 
fundamental principles cited. by Pauling and Kegg1n apply 
to other heterop$ly compounds. 
In the ease in which the ratio of the central atom 
such as P to Mo or W atoms is 1 to 9 in a h.eteropoly com-
pound, the situation is more complex. In the case of the 
12-heteropoly acids, a P04 tetrahedron_could be accomod~­
led. in the cage formed by the Mo06 or W06 octahedra. In 
the 9-heteropoly series, however, such a structure is not 
possible, as the Moo6 octahedra are insufficient to form 
a c·losed cage about a P04 tetrahedron. Because of such 
structural eonsid.era.tions, Pauling had su.ggested(24), for 
. the enneatungstophosphate anion, the dimeric empirical 
formula 
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A corresponding situation s8ould exist for the ennea-
molybdophosphate anion because of the similarity in size of 
Mo06 and wo6 octahedra. Accord.ing to the ideas held. by 
Pauling in 1929(24), one would formulate the molybdenum 
. . -6 
compound. as ~P04~2Mo18o30 (OH~48J • 
It is precisely for this reason that the dimeric form 
. u 
of the enneamolybdophosphate anion is used thrdghout this 
work. 
The Wells-Dawson Structure of the Enneatungstophosphate Anion. 
As explained above, the Pauling structure for the d.odeca-
tungstophosphate anion was correct in main principles but it 
involved. experimentally unjustifiable amounts of water of 
constitution. Following Keggin's elucidation of the 12-tung-
stophosphate ion, with consequent revision of the principles 
laid d.own by Pauling, Wells (7) proposed. a different structure 
-(Fig.l) for the enneatungstophosphate anion, consistent with 
the revised principles. In essence, his structure consists 
of two P04 tetrahedra in a cage formed by the eighteen sur-
rounding li06 octahedra. The whole unit can be imagined. to con-
sist of two simpler half units in each of which a P04 tetra-
hed.ron is sur round.ed on three sides by n&ne wo6 octahedra~ held 
together by sharing both edges and corners. The proposed 
structure has the formula[P2w18o62J-6 • 
Recently, Dawson(8) in England investigated by means of 
X-ray diffraction methods the complete structure of the ennea-
tungstophosphate anion in K6 ~2w18o62 .14~0, and found it to 
have the structure proposed by Wells(7) with the only exception 
that one of the P04 tetrahedra is rotated through a 30°angle 
relative to the other (Fig.2). 
A possible structure for the .nucleus of the ion [P2W180 62] 6-, the 18 
oxygen atoms outside the polyhedral shell being omitted. The P atoms within the 
P04 tetrahedra are shown as black, and theW atoms as shaded circles. 
Fig.l. (From Wells "Structural Inorganic Chemistry11 ) 
-The complete 'half-unit'. 
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_ _ The 9(18)-tungstophosphate anion (P2W180~e)';- . 
Fig. 2 Fig. 3 
[From Dawson, Acta C.ryst~ ,6, (1953ll 
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The crystals investigated were triclinic of space group 
-P l and the unit cell containing two units of the empirical 
formula (one anion per cell). As figpre 2 and 3 indicate, the 
enneatungstophosphate anion consists of a tungsten framework 
having a layer structure of four rings of atoms, the end two 
triangular and. the central two hexagonal. The two P04 tetra-
hedra are located within the wo6 octahedra four-layer frame-
work. The corners marked as black dots in the 11 half-un1t 11 d.i-
agram are the oxygen atoms located in a plane of symmetry and. 
are shared between jhe two half-units of the anion(8). 
The results reported in the present work about the ennea-
molybdophosphate anion, [P2Mo18o62J-6 , preceeded Dawson~s pu-
blication. They show that this anion has a minus ~ six charge 
in aqueous solution, and. were the first experimental support 
for Wells 1s hypothetical structure. 
B. Discussion of Results Obtained in this Work. 
The Investigation of Structure of the Enneamolybdophosphate 
. Anion in Aqueous l..fed .ia ~· Kjeldahl analysis for ammonia on 
ammonium enneamolybd.ophospha te showed the presence o~ six 
nitrogen atoms per two phosphorus atoms in the molecule, 
perfectly consisten.t with the charge of ~inus six ascribed. 
for this anion. 
The correspond.ing enneamolybd.ophosphoric acid. was also 
prepared. and investigated as already ind.ica ted in the expe-
rimental section. 
Analysis for phosphorus and molybdenum on the above-
mentioned acid. showed. the P/Mo ratio ·to be l to 9. The con-
centrations of its solutions used. in this work are expressed 
in te.rms of moles per liter, based on the d.imeric fo.rmula. 
They were experimentally determined by analyzing aliquots of 
the solutions for molybdenum. 
The potentiometric titration curve, p. 10, of the am-
monium enneamolybdophospbate ind.icates only a single point 
of inflection,at the addition of 34 equivalents of sodium 
hydroxid.e. The potentiometric titration curve, p. 18, of 
the enneamolybdophosphoric acid indicates two points of 
inflection. The first point of inflection in this case oc-
curs at the addition of' six moles of base per mole of acid 
and. correspond.s to the complete neutralization of the six 
replaceable hydrogen ions present in the acid. The second 
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point of inflection occurs at the ad.di tion of 40 moles of 
base. Obviously, the d.ifference between forty and six moles, 
thirty-four moles, correspond.s to the amount of base necessa-
ry to d.ecompose the hete.ropoly anion. This amount is perfectly 
consistent with that required for the decomposition of the 
normal ammonium enneamolybdophosphate. 
The course of neutralization and. anionic decomposition 
can be represented by the following equations: 
(1) [P2Mo1ao6~ - 6 + 34 Olr -------~ 18Mo0( -1- 2HP04 +16~0 
(2) H6 P2Mo18o62J -t40NB.OH -------7 18Na2Mo04 + 2Na2 HP04 t- 20~0 
Equation (l) .represents the theoretically expected d.e-
composition course of the enneamolybdophosphate anion, which 
is complete when 34 equi va.lents of base are add.ed. This is 
in perfect agreement with the experimentally determined. value. 
Since there is only one point o~ inflection in the curve of 
this anion, the ammonium enneamolybd.ophosphate must be a 
normal, rather t~an acid. salt as claimed qy Rosenheim. 
Equation (2) represents the theoretically expected. 
neutralization and decomposition course of the enneamo-
lybd.ophosphoric acid. Obviously again, the values of 6 
equivalents of base for neutralization and 40 equivalents~ 
for both neutralization and. anionic decomposition· are 1n 
perfect agreement with the experimentally determined va-
lues for this acid. Again our work does not support the 
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dodecabasicity of this acid. as claimed by Rosenheim(5). 
The two points of inflection d.esc.ribed above provide 
an excellent internal cheek of the identity of the anionic 
species in the two compounds in question~ Lind.quist 1 s 
work(29) has shown that Mo2o7 groups, utilized in Rosen-
-
heim 's formulation, do not exist in compounds of tbiS iJ type 
which he investigated. 
The complete absence of breaks in·: the anionic d.ecompo-
sition plateaus of the 9-hete.ropoly anions investigated in 
this work, provides some evidence against inclusion of Hydro-
gen in the formula of the anion, as proposed, for example, 
in Pauling's earlier postulates(discussed above). 
The only places at which hydrogen ions might be expected 
to be attached to a hete.ropoly anion would be at the pro-
jecting unshared. oxygen atoms on the outside of the poly ion 
structure. Every poly ion has a relatively large number of 
such qxygens. If a few of these coul4 attach hydrogen ions 
so strongly that they were und.etectable during a potentio-
metric titration, then it would be very unreasonable to ex-
pect exactly six other hydrogen ions to remain practically 
unattached. to remaining equivalent oxygens(2). Such an argu-
ment would not necessarily apply in eliminating from consi-
deration an anionic structure which involved. hydrogen ions 
on every projecting oxygen, but it would. con1tihute to the 
weight of evidence against such a structure ana-wouldt apply 
to any structure involving a smaller number of hydrogen ions 
present in the form of "'"ate.r of constitution". 
Calculation of the Dissociation Constants of Enneamolybdo• 
phosphoric Acid. When successive d.issociation constants of 
6 
a. piblybasic acid: d.iffe.r by a factor of 10 or more, the neu-
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tralization of the nth replaceable hydrogen ion is accompanied 
by practically no neutralization of the (n-rl)th replaceable 
hydrogen ion(ll). In such a case the neutralization curve con-
tains a section which is vertical, practically speaking, sepa-
rating the two plateaus which represent the neutralizations of 
the respective hydrogen ions. In the case of an nth hydrogen 
ion separated. from others by such vertical section(s), the 
classical dissociation constant can be estimated rather accura-
tely from the Hend.erson-Hasselbaleh equation: 
pH =. pKa +- log [conjugate base)/ fuonjuga te aci<!1• 
At the point where one.:..half of the nth hydrogen has been 
neutralized, pH• pKa. The thermodynamic constant may be obtained 
if the appropriate activity coefficients can be estimated .• 
As the difference between successive constants becomes 
less, the section of the neutralization curme lying between 
the two plateaus becomes progressively closer to horizontal. 
Such curves correspond. to conditions wherein neutralizations 
of (n+l)th hydrogens accompany neutralizations of nth hydro-
gens, and vice-versa, to increasing extents as the ocenat~ts.& 
When the constants d,iffer by less than a power of 10, 
no point of inflection can be observed. between the neutra-
lizations of the hydrogen ions, because they are not "sue-
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cessivelyu but almost "simultaneously" neutralized, practically 
speaking. 
Enneamolybd.ophosphoric acid presents such a case, with 
the ad.ded novel faa. ture tha. t none of the six dis so cia tion con-
stante differs from any of the others by more than a power of 
lo'. The,nt'ore, the neutralization of the first hydrogen is accom-
panied not only by neutralization of the secand, but by exten-
sive neutralization of all the other four hydrogens as well. 
Theoretically, simultaneous equations could be worked out 
for obtaining the various constants from the curve. Such under-
taking is not '\"''orthwhile because the various values of the 
classical constants so obtained would vary, with concentration 
changes, more widely than their range. The thermodynamic con-
stants cannot be obtained because of the impossibility of esti-
mating meaningful activity coefficients 1n solutions containing 
mixtures of very highly charged anions. 
In these circumstances limits can be set for the maximum 
and minimum values of the six dissociation constants. This is 
done by means of the Henderson-Hasselbalch equation (above) by 
taking the maximum value for pK1 as equal to the pH (~2) when 
0.5 mole of NaOH per mole of acid had. been add.ed, and taking 
the minimum value for pK6 as equal to the pH (:.3) when 5.5 
moles of NaOH per mole of acid. had been added. Thus · the clas-
-2 
sical constants, certainly lie within the range l x 10 to 
3 A~ l x 10- , but their actual values probably fall within~even 
smaller range. 
--
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Tet.rakis-(Ethylenediamine)-T.rietlh.ylenetet.ramined_icobalt(III) 
Rvdroxid,e 
It is a well established fact that tria- (ethylened.ia-
mine)-cobalt(III) hydroxide is a stable strong base because 
there is no place on the octahedral cation [oo.3en]+3 where 
the hydroxyl groups could attach. All electron-pairs provi·-
t ,ed, by the nitrogen a toms in the ethylenediamine molecule 
are utilized in the formation of the ~o.3en)'0 octahedron. 
In 1911, Werner(30) was able to resolve the roseo 
d,ichloro-bis- (ethylenediamine)-cobalt(III) monovalent cation, 
L_co (en) 2ol2Jt', into its optical enantiomolophs, thus prov~ng 
its cis-octahedral configuration. 
Basolo(l2) was able to prepare tet.rak1s-(ethylenedia-
mine)-triethylenetetraminedicobalt(III) iodid.e by conden-
sing cis-dichloro-bis-(ethylenediamine)-cobalt(III) cation 
with triethylene-..,tetramine according to the equations: 
2 ~o(en)2C~ Ol + 2 (C~0~)3 (NH)2(N~)2 ---------?> 
~o2 (en) 4 trie~ 016 
[ oo2 (en~ 4 trienJ 016 + 6Naa: · ----7 [oo2 (en~ 4 trie~ 16 + 6Na0l 
The structure of the latter compound indicates that it 
could have meso, d and 1 forms. However, attempts to resolve 
it have failed.(12). 
A solution of the corresponding pure hydroxide was pre-
pared by ion exchange as ind.icated. in the experimental section, 
and its concentration determined. by analyzing aliquots for 
cobalt accord.ing to the Sarver method.(l3). -
This compound. is very stable. Dilute solutions of it 
gave no sigh of decomposition even when boiled with concen-
trated. NaOH for one ho'Ul'. The solid. material had to be sub-
jected. to sod.iu.m peroxid.e fusion before it d.ecomposed. 
The investigation of this polyacid base was undertaken 
as a check on the general shape of the potentiometric titra-
tion curves for heteropoly acids. This is a base where, be-
cause of its known s tructu.t"e, one would expect no definite 
points of covalent attachment of the hydroxyl groups to the 
cation. Therefore, one would. expect six relatively strong 
replaceable OH - groups, with dissociation constants very 
close to one another. This electrolyte should give titration 
curves similar to those for heteropoly acid.s investigated in 
this work. 
As expected., the potentiometric titration curve, p. 28, 
ind.icates this compound. to be a strong base having six replace-
able hydroxyl ions. The upper an4 lower limits of the values 
of the dissociation constants were obtained, using the Hen-
derson-Hasselbalch equation, from the pH corresponding to the 
ad.d.ition of 0.5 and 5.5 moles of acid per mole of base, respe-
ctively, as indicated. on page 54. These are as follows: 
is not over -3 -7 5 x 10 and. x6 is not below 5 x 10 • The 
cable form of the Henderson-Hasselbalch equation is: 
pOH :: pKb + log [cation of bas~ / fpase] • 
K l 
appli-
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The Molybd.omanganates 
The molybdomanganates constitute a very interesting 
series of the heteropoly compounds, with the Mn atom ser~ 
ring as the central atom. The majority of them, as this 
work has shown, present special difficulties in the dete~­
!mination of their structure in aqueous solutions, probably 
(a) because of the lability of the manganese central atom 
(35) and {b) because of the difficulty in establishing the 
correct oxidation state of the manganese atom. 
The empirical formulas of some of these compounds are 
as follows: {NH4 ~ 3HMnMo12o40 (31), 3K20.Mn02 .9Mo03 (~2). 
Recent investigation(33) of the magnetic susceptibility of 
3BaO.Mn02 .9Moo3, prepared accord.ing to Hall
1s method(32), 
indicates a permanent magnetic moment of 3.88 Bohr maghetons 
as expected from tetravalent manganese, since the calculated 
moment for 3 unpaired electrons is 3.88. Since these electrons 
remain unpaired., the hete.ropoly complex in question m~A, 
have d~sp3 octahedral bonding. 
+4 Mn 
A Ray and his collaborators postulate its structure by the 
two alternative formulas: 
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It will be observed. that these authors cannot differen-
tiate between the monomeric and. dimeric existence of the salt 
in question. Furthermore, since the existence of Mo2o7 groups 
" has been discredited. in recent years (29), the Ray structure 
cannot possibly be accepted. as the correct one. However, their 
experimental data establish only the number of unpaired ele~­
•trons of the central atom. The existence of the Mo2o7 groups 
1\ is postulated by Ray in order to maintain an octahedral con-
figuration of the central tetravalent manganese, as required 
by the magnetic evid.ence. 
A recent X-ray investigation(34) of the heteropoly anion 
in ammonium enneamolybd.omanganate has shown it to be [MnMo9oJ2 
6
, 
with an Mn06 octahedron surrounded by nine Moo6 octahedra. The 
manganese atom is tetravalent. It should. be noted that these 
authors used ammonium pe.rsulfate in the preparation of this 
salt to oxidize the d.ivalent manganese to the tetravalent 
state. The nature of the oxid.izing agent used for the oxida-
tion of manganese may be -of significance for the particular 
oxidation \~ . state obtained .• 
The ammonium enneamolybdophosphate used. in our investi-
gation was prepared. accord.ing to the method. of Friedheim and. 
Samuelson(l5). The oxidizing agent used. was 2-t% hydrogen pet:-
foxid.e. OUr analyses foJrmanganese and molybd.enum., on the 
ammonium salt and its acid, which was prepared by ion exchange, 
showed an atomic Mn/Mo ratio of 1 to 6 rather tha.n 1 to 9 as 
foun~by Friedheim and. Samuelson. Their analysis was performed 
on the crystals of the ammonium salt, while that reported 
herein was performed on aliquots of . water solutionsof 
both the acid. and. salt. 
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Neither analysis can be reconciled. with the potentio-
metric evidence as shown in the experimental section. That 
is, there is no consistency between the number of molybde-
num atoms per central atom taken and the number of equiva-
lents of base required for complete d.ecomposi tion of the 
heteropoly anions. These results, although not necessalily 
.refuting the Friedheim structure, do indicate that the man-
ganese-molybdenum heteropoly complex may und.ergo change in 
structura when diti.solved in wate.r, by breaking apart into 
simpler complexes. This change may be accounted for by the 
known lability of the manganese central atom(35). 
An attempt was made to prepare and. examine the water 
solution of the compound. (NH4 )3H.r[Mn(Mo04 ~6]·3~0 which 
was first prepared. Qy Rosenheim et al(l6). Since our nitro-
gen, manganese and molybdenum analyses did not agree with 
the above-mentioned formula, the compound was not investigated 
further. Again, the lability of the divalent manganese may 
be responsible for a similar behavior as in the case of the 
enneamolybdomanganate anion. 
In view of the conflicting experimental evidence on the. · 
manganese hete.ropoly compounds, we may propose (a) that older 
.reported. preparations and. formulas based on single analy~s 
need. careful reexamination, (b) that aqueous solutions of 
these compound.s may comtain entirely different species than 
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those existing in the solid. state, and. (e) that the equili-
bria existing in such aqueous solutions may be quite complex. 
It is also probable that salts of this type break apart when 
d.issolved in water and_ assume their original structure again 
when recrystallized. 
Further work on the water chemistry of such compounds 
will be necessary to decide one way or another, in any case. 
An ad.equate solution to this problem may very well require 
the examination of the ·water solutions of several dlif:ferent 
manganese heteropoly complexes in order to establish the re-
lationship between particular structures and stability of 
such structures in aqueous media. 
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SUMMARY 
1) It has been shown that the formula of enneamolybdo-
phosphate anion is: [cro4 ~2Mo18o541-6 • 
2) The first experimental evidence supporting the Wells-
Dawson structure of enneamolybd.ophosphate anion has been 
presented. 
3) A solution of pure enneamolybd.ophosphorio acid., 
suitable for reliable potentiometric titration, has been 
prepared. for the first time, by ion-exchange. 
4) It has been shown that ammonium enneamolybdophosphate 
is a normal salt. 
5) All six d.issociation constants of enneamolybd.ophos-
-2 phoric acid have been shown to have values between 1 x 10 
and 1 x 10-3• 
6) The preparation of tetrakis-(ethylenediamine)-
trietbylenetetramined.ico bal t (III) hydroxide, a new compound, 
has been reported.. This base has been shown to have six 
replaceable hydroxyl ions, the dissociation constants for 
which have values between 5 x 10-3 and 5 x lo-7. The neu-
tralizaDion curve for this base closely resembles that for 
enneamolyadophosphoric acid. 
7) Preliminary evid.ence has been presented ind.ica ting 
that enneamolybdomanganate anion has labile molybdate groups 
in aqueous solution and older work on the chemistry of this 
anion needs reexamination. 
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